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But is it art?
M.F. Perutz
It was in an evening class for painting
that developmental biologist Enrico
Coen began to think about the
parallels between the genetic control
of development and an artist’s design
of a picture. When Coen’s teacher
found him staring at a blank piece of
canvas, Coen complained that he had
no idea how to start. The teacher
suggested he should begin by
depicting the objects on the table
with some broad areas of overall
colour. They marked out the overall
organisation of the painting but were
hidden later by the representations of
the objects.
Coen has made imaginative use
of this concept to attempt to explain
developmental genetics to
non-biologists. In The Art of Genes, his
fictitious hidden colours take the
form of transcription factors
expressed by genes that determine
early development.
In 1894 the Cambridge biologist
William Bateson described an insect
that had grown a leg where there
should have been an antenna.
Bateson coined the term ‘homeosis’
for this type of variation. Some 50
years later Ed Lewis at Caltech came
across a similar mutant in which the
halteres, tiny balancers in a segment
of the adult fly, had been partly
transformed into wings that belonged
to another segment. Lewis then
identified the genes that determine
the segments in the fly’s larva.
Coen illustrates Lewis’s results
with a simplified larva with only four
segments whose identities depend
on a set of three hidden colours.
Three overlapping colours determine
one of the segments, two overlapping
colours a second, one overlapping
one a third, and no overlapping
colours a fourth. Deletion of any one
colour leaves the number of
segments unchanged but reduces the
number of morphologically distinct
segments by one, so that the final
single colour leaves them all alike.
Lewis found that the genes
responsible for the differentiation of
the segments form a tandem cluster
which he called the bithorax
complex. One of the most exciting
passages in Coen’s book describes
the unexpected discovery by Bill
McGinnis and Michael Levine in
Walter Gehring’s laboratory in Basel
of a cluster of equivalent genes
controlling early vertebrate
development. McGinnis recalls:
“When I pulled the first blot out,
there were obviously some strongly
hybridising fragments (of fly DNA)
in the human, frog and calf lanes. I
was so excited, my hands were
shaking, but most were sceptical
about the result and I was a bit
disappointed.” No wonder!
Scientists’ first reaction to a new
discovery is often to find a reason
why they can dismiss it.
In 1897 the American biologist
T.H. Morgan found that the ability of
decapitated worms to regenerate
heads decreased with the distance
from the cut. He speculated that the
worms’ cells contain a head “stuff”
that gradually diminishes posteriorly.
This was the first proposal of a
morphogen gradient. In 1935 Hans
Spemann received the Nobel Prize
for his discovery of the organiser
effect in embryonic development,
but he never found out what the
organiser was. Joseph Needham
wasted the best years of his scientific
life trying to isolate it; his failure may
have been what turned him to the
history of Chinese science.
Christiane Nüsslein-Volhard and Eric
Wieschaus solved this elusive
problem by studying the first events
in the development of the fertilised
Drosophila egg with the modern tools
of genetics and molecular biology.
Drosophila eggs were known to show
a maternally determined polarity that
lays down the direction of the larva’s
development. 
Nüsslein-Volhard and Wieschaus
found this polarity to be generated by
a maternal gene, called bicoid,
expressed at one pole of the egg. The
transcription factor expressed by this
gene spreads out along the egg in a
gradient of gradually diminishing
concentration. Coen paints it black
and makes it fade out in shades of
grey that control the expression of an
“interpreting gene,” to which he
assigns another colour. Elaboration of
the analogy leads him to ever more
subtle and complex combinations of
colours, such as apricot, almond and
amaretto. The expression of the
genes controlled by some of these
colours is also controlled by hormones
which Coen renames ‘scents’.
I got a bit confused by all the
colours, but I am not sure if the
acronyms by which many
transcription factors are now known
would have confused me less. Coen’s
book is spiced with historic
quotations and examples of plants’
and animals’ intriguing behaviour,
such as orchids twisting their necks to
make their drooping flowers present
the right landing platforms to insects,
or rotation of the growing tips of
R312 Current Biology, Vol 9 No 9
The Birth of a Picture (1998), a painting by
Enrico Coen. In his book, Coen looks at
development as a creative process and
draws parallels between the way genes
respond to the developing pattern of an
organism and the way an artist responds to a
painting being created on a canvas.
bindweed to make them twist round
their supports in a right-handed helix.
It contains a wealth of interesting
material, and Coen communicates his
immense learning with a hundred
appealing tales.
Address: MRC Laboratory of Molecular
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Quick guide
Molten globules
Christina Redfield
What are they? Molten globules are
partially folded proteins that have
some characteristics of both folded
(or ‘native’) and unfolded proteins.
Like a native protein, the classic
molten globule is compact and has
native secondary structure, such as
α-helices and β-sheets; like an
unfolded protein, it lacks specific
native tertiary interactions.
When were they discovered? As early
as the 1960s, there was evidence that
under certain conditions protein
molecules might have properties
intermediate between the rigid
native and fully unfolded states. The
concept of such a protein as an
intermediate in protein folding was
suggested by the late Oleg Ptitsyn in
the 1970s. A compact, partly folded
protein was first observed
experimentally in the early 1980s
and the term molten globule was
coined in 1983.
How can I make one? Take a protein
and dissolve it under mildly
denaturing conditions, such as low
pH, low concentrations of urea,
elevated temperature or a lack of
cofactors like metal ions or heme
groups. But beware, only certain
proteins form molten globules, the
best-studied being β-lactoglobulin,
carbonic anhydrase, apomyoglobin,
cytochrome c and α-lactalbumin.
How do I know if I have one? A variety
of biophysical techniques, including
circular dichroism, can be used to
detect the hallmarks of a molten
globule: lack of specific fixed tertiary
contacts and the presence of native
secondary structure.
What do they look like? Who knows?
The structural analysis of molten
globules is difficult because they are
flexible structures and consist of an
interconverting ensemble of
conformations, so it’s hard to apply
standard X-ray and NMR
techniques. Advances in NMR,
however, mean that some structural
information is beginning to emerge
for apomyoglobin and α-lactalbumin.
Do they exist in vivo? Possibly.
Transient structures detected in
studies of the folding of certain small
proteins are similar to the stable
molten globules that can be generated
under mildly denaturing conditions.
So, whether or not molten globules
represent genuine in vivo folding
intermediates, they could provide
insights into the nature of transient
folding intermediates that are, well,
too transient to study in detail.
When is a molten globule not a molten
globule?  The term molten globule
has been used to describe a wide
range of partly folded states of
proteins, giving rise to a lively debate
as to which of these conform to the
original definition. The term
‘pre-molten globule’ has been used
for an intermediate between the
unfolded protein and the molten
globule. Confusingly, some authors
have also used the term pre-molten
globule to describe a more structured
state of the α-lactalbumin molten
globule. The term ‘highly-ordered
molten globule’ has been used to
describe an intermediate between
the molten globule and the native
protein. Because they have stable
tertiary contacts, it has been possible
to determine the structure of the
highly-ordered molten globules of
apocytochrome b562 and interleukin-4
using NMR. But their tertiary
contacts also mean that these
systems might be better described as
native proteins with regions of
significant dynamic disorder. Will the
real molten globules please stand up?
Do they have any biological significance?
The misfolding and aggregation of
proteins is now known to be involved
in several diseases, including cystic
fibrosis and the amyloid diseases. A
protein that fails to fold properly and
gets trapped in a folding
intermediate — such as the molten
globule — could be mislocated in the
cell, or aggregate and be converted to
a non-native fibrillar form.
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